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ABSTRACT

This Letter presents a measurement of the branching fraction for
the Cabibbo suppressed decay T_+K*_(892)v1 using data obtained with the
Mark II detector at SPEAR. Eleven events containing a K*i(892) in
coincidence with a muon or an electron of opposite charge were found
in data which span the center-of-mass energy region 4.2< Ec.m.< 6.7 GeV.

It was determined that B(T—+K*—(892)VT)= (1.7+0.7)%. The absence of

+ - %=
events at the K*'(1430) yields a 20 upper limit B(t >K* (1430)VT)< 0.9%.
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We present herein a measurement of the branching fraction for the
decay! T—+K*_(892)VT, which constitutes the first measurement of a
Cabibbo suppressed decay of the 1. Recently? we published a measurement
of the branching fraction for the Cabibbo favored decay T—+p_vT which is
in good agreement with the theoretical expectation based on a weak vector
hadronic coupling. The presence of the Cabibbo suppressed decay 1_+K*_vT
and its measured rate adds further support to the notion that the standard
weak vector hadronic current mediates the decays of the t. We also
present a 20 upper limit for the decay T—+K*-(1430)vT.

The measurement is based on all Mark II SPEAR data with 4.2< Ec. .
< 6.7 GeV. The energy threshold of 4.2 GeV is chosen to avoid those
regions where production of D mesons could constitute a significant back-
ground. The data represent a total of 14,600 nb_l with most of the running
occurring between 4.2 and 5.2 GeV. This luminosity, when converted using
the theoretical cross section, corresponds to 40,200 produced T+T_ pairs.

All aspects of the Mark II solenoidal detector pertinent to this
measurement have been fully discussed elsewhere.® The T_+K*—VT decay is

identified by the following topology:

(1)
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which results in four charged particles in the detector. The symbol %
represents either an electron or a muon. The selection criteria for the
leptons are identical to those used in the analysis of T—+p—VT and are
discussed in Ref. 2. ZEvents are required to have four charged particles,
two positive and two negative, and no photons with EY > 100 MeV. Two of
the charged particles are required to be consistent with the decay
KZ->ﬁ+ﬂ_. The reconstruction techniques used for the KZ are fully covered
in Ref. 4. Briefly, secondary vertices are formed at the point of closest
approach bétween particles of opposite sign. This crossing point is
evaluated in the plane transverse to the beam direction; the distance
between the primary and secondary vertices is required to lie between

1 cm and 30 cm. The directions of the particles are corrected to the
radial crossing point and the momenta are corrected for dE/dx losses.

A final candidate cut requires that the KZ direction, as measured by its
momentum, agree within measurement errors with the direction calculated
from the position of the beam interaction point and the secondary vertex
position. Fig. 1 shows the n+n— invariant mass spectrum for secondary
vertices found in the event topology described above. A + 30 MeV mass
cut is made for these K: candidates and a 1C fit to the Kg mass is
performed. A xz cut of 10 is made for this analysis. The resulting
detection efficiency, including the branching ratio B(K;+w+w_), is
approximately 20%, independent of the KZ momentum. The position of the
primary vertex formed by the two particles which do not come from the

K: decay is required to be consistent with the known position of the
beam interaction point. Cuts of * 10 cm along the beam direction and

2 cm radially are applied.



Seventy-nine events survive the selection criteria described above.
If we label both the particles at the primary vertex as w’s then we can
form two K:'ni invariant mass combinations. These mass combinations are
shown in Fig. 2. A signal at the K*(892) mass is seen above background.
The background in Fig. 2 arises from double counting (-~ 65%), feeddown
from multihadronic events (~ 15%) and hadronic four-prong events in which
two of the tracks pass the Kg requirements because of measurement errors.
In order to remove the background due to double counting and substantially
reduce the hadronic backgrounds, we require that one of the tracks at the
primary vertex be a lepton. This requirement also strongly enhances
the probability that the K* arises from 1 decay. Fig. 3 1is the invariant
mass spectrum of the K: and the ni for events containing a lepton. A
clear excess of events is present at the K*(892) mass. We attribute
these K*—-lepton coincidences to the decay topology outlined in (1).
From the 11 events in the 5 bins from 825— 950 MeV/c2 we have subtracted
a background of 2.0 events as obtained from the 10 surrounding bins.
This leaves a signal of 9.0+ 3.6 events. Of the 1l events, 7 have an
electron tag and 4 a muon tag which is consistent with the relative
electron/muon tagging efficiency of ~1.6. The momentum spectrum for the
lepton tags and for the K’s is well reproduced by the Monte Carlo program
which assumed a T+T— production process. In particular, the lepton momen-
tum spectrum is 'hard": 9 of the 11 leptons have momenta above 700 MeV/c
and all the muons have momenta above 1.0 GeV/c.

Since D meson decays give rise to both leptons and strange particles,
it is important to establish that the K*iﬂf_r events do not arise from charm

. . *t
production. Since we see no events of the type K"~ , we can assume that
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in most of the K*izx events there are no missing (undetected) charged
particles. Charm events have relatively high charged and neutral

particle multiplicities. This fact, coupled with the good solid angle
coverage of the Mark IT detector, makes it very difficult for charm events
Di+K*i4-neutrals is forbidden by the AS= AC selection rule, and thus does
not represent a background problem. An example of a possible source of
background is e+e_ + p°D° where p° > QiK*;4-neutrals and D° » all neutrals.
The data rule out this possgibility because 7 of 11 events have the K*g
invariant mass (M(K*z)) above the D mass and two of the remaining events
have M(K*E) > 1.6 GEV/CZ. D’s, which result from DD and D*D* production
and which are the most probable source of the K* and lepton, are accom-
panied by pions and photons and therefore do not populate the low multi-
plicity K*Q——-no—photon event category. A Monte Carlo simulation

program has been used to estimate that charmed particle production
contributes at most 0.1 events to the K*i£$ sample. The leptons which
come from the semileptonic D decays, as simulated by the Monte Carlo
programs, have a momentum spectrum which is much "softer" than that
observed in the K*l events. Almost all these leptons would have momenta
‘below 700 MeV/c, in strong contrast to the data.

The detection efficiency for the K*2 events was obtained from a
Monte Carlo program which produced raw data for decays of the type
described in (1). These events were then passed through the identical
reconstruction programs as the data and in particular the same Kg
selection criteria were applied to the Monte Carlo events. The efficien-
cies for the K*—-electron and K*——muon events are 2.1% and 1.3%,

respectively. In contrast to electrons which are identified at all



momenta, muons cannot be identified below 700 MeV/c. Combining these
efficiencies, the number of produced T+T_ pairs and the number of signal

events, we obtain

B(v™ > K*-\)T) « B(t > 27 v,v_) = 0.0031  0.0013 )

Using the Mark IIL measurement? of
B(x > 2" v,v ) = (18.5 % 1.5)%

and assuming electron—muon universality in T decays;5 we obtain

B(t™ - K*_vT) = (1.7 + 0.7)%

The quoted error contains the statistical uncertainty and systematic un-
certainties of 5% for lepton misidentification, 6% for luminosity and 10%
for the Monte Carlo efficiency. The data are corrected for initial state
radiation effects which amount to 2.2%. There are no K *4F events in

*
the mass region of the K (1430) which allows us to set a 20 upper limit
- *— o,
B(r” + K*7(1430) v_) < 0.9% .

Since the K*(1430) is a spin-2 particle, this decay is forbidden in
any V/A theory.

It is worth noting that the excess of K*(892) mass combinations in
Fig. 2 (no lepton tag) can be accounted for by the decay T - K*vT.
Using B(t »> K*vT) obtained above, we would expect a contribution of
23+ 9 K* mass combinations in Fig. 2 which is in good agreement with
the background corrected signal of 23.5.

As a check on the above data we searched for events in which the

*t . . *t t 0 .
K~ was identified via the decay mode K'~ = K'm , with a lepton tag
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required. The Ki were identified with the time-of-flight system3 and
the m°'s were reconstructed from photons in the liquid argon barrel
modules.? Because of the low w° efficiency coupled with Ki losses due
to decays in flight, this mode of detection has an efficiency of 25%
relative to the Kgni mode. Hence, based on the number of K;'rri 2* events
we would expect to see 2.3 + 0.9 Kino g; events. There are three e?ents
in the mass region from 825— 975 MeV/c2 and virtually no background.
These data constitute a statistically weak signal. However, they offer
confirmation of the signal found with the decay K ngi.

The most mnaive theoretical expectation for the 1 - K*vT branching
fraction is

B(r > K*vT) = tanzec B(T > va)

where 8. is the Cabibbo angle. A more detailed calculation of Tsai®

yields

B(T > K*vT) = tanzeC . B(T > va) . FK*/Fp (2)

where
| 2\2 2

F, = (1— (MJ./MT) ) . <1+2(Mj/MT> ) .
We can use two independent measures for B(t - va) to evaluate (2).
Tsai’ has calculated B(t » va)= (21.5+ 1.8)% assuming the conserved
vector current hypothesis and the measurement® F(e+e—+-p°)= (5.8£0.5)
KeV, where the error in B(T - va) reflects the uncertainty in
P(é+e— + 0% . TFor tan26c= 0.05 and'MT= 1.782 GeV/c2 one obtains?d
B(t ~ K*vT)= (1.0 £ 0.1)%. Alternativel§ we can use the Mark II
measurement? B(t - va)= (20.5 * 4.1)% to obtain B(t + K*vT) =
(0.95 = 0.19)%. The experimental measurement presented in thi; Letter

agrees well with both these predictions.
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FIGURE CAPTIONS

+ ; {
m 7 dinvariant mass spectrum for events containing four
charged particles and no photons.

+
K°7" invariant mass spectrum using both tracks at the primary vertex.

o 0

. s .
K- m~ invariant mass spectrum for events which have a lepton at the
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primary vertex.
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